In vertebrates, the neural crest is a unique population of pluripotent cells whose development is dependent on signaling from neighboring tissues. Cadherin family members, including protocadherins, are emerging as major players in neural crest development, largely through their roles in cell adhesion and sorting in embryonic tissues. Here, we show that Protocadherin 7 (Pcdh7), previously shown to function in sensorial layer integrity and neural tube closure in Xenopus, is also involved in neural crest specification and survival. Pcdh7 expression partly overlaps the neural crest domain at the lateral neural crest border. Pcdh7 knockdown in embryos does not alter neural crest induction; however, neural crest specification markers, including Snail2 and Sox9, are lost, due to apoptosis of the neural crest starting after stage 13. Pcdh7 knockdown also results in downregulation of Wnt11b; both of which are co-expressed in the sensorial layer lateral to the neural crest, suggestive of a role for Wnt11b in the neural crest apoptosis. Confirming this role, apoptosis, Snail2 expression and the developmental fate of the neural crest can be partially rescued by ectopic expression of Wnt11b. These results indicate that Pcdh7 plays an important role in maintaining the sensorial layer at the lateral neural crest border, which is necessary for the secretion of survival factors, including Wnt11b.
Introduction
The neural crest is a distinct population of cells, unique to vertebrates, that is responsible for generating a diverse number of adult derivatives. Neural crest cells are induced early during embryonic development, originating from the border of the neural plate and epidermal ectoderm. During primary neurulation, this border ectoderm becomes incorporated into the neural folds and eventually ends up in the dorsal neural tube. Prior to, or just after, neural tube closure, depending on the species, the neural crest cells undergo an epithelial to mesenchymal transition (EMT) and delaminate from the neural ectoderm. The cells then undergo collective cell migration along well-defined routes, eventually ceasing migration and differentiating into multiple cell types that contribute to a wide variety of embryonic tissues (Le Douarin and Kalcheim, 1999; Mayor and Theveneau, 2013; Theveneau and Mayor, 2012) . For example, the cranial neural crest emanates from the anterior neural tube and gives rise to the cranial ganglia and cartilage and bones of the skull and face, while the trunk neural crest originates from the posterior neural tube and forms most of the peripheral nervous system (PNS), including the dorsal root ganglia, sympathetic ganglia and Schwann cells, in addition to chromaffin cells of the adrenal medulla and melanocytes in the skin.
The contribution of the neural/epidermal border cells to neural crest formation is well established and involves a precisely regulated gene and signaling network. Secreted signals from neighboring tissues are required for neural crest induction and differentiation. These secreted factors include Wnts, from the neural and epidermal ectoderm, BMPs from the epidermal ectoderm and FGF family members from the underlying mesoderm (Klymkowsky et al., 2010; Milet and Monsoro-Burq, 2012; Rogers et al., 2012; Sauka-Spengler and Bronner-Fraser, 2008; Schille and Schambony, 2017; Stuhlmiller and Garcia-Castro, 2012) . Together, these factors induce the formation of the neural crest domain, a broad progenitor region that expresses distinct molecular markers, such as Pax3, c-myc and Zic1 (Meulemans and Bronner-Fraser, 2004; Pegoraro and Monsoro-Burq, 2013) . These transcription factors, in combination with continued secreted signals from adjacent tissues, activate the expression of a new set of transcription factors that function as neural crest specifiers, including Snail2, Twist, Foxd3, Sox9 and AP-2 (Milet et al., 2013; Plouhinec et al., 2014; Shi et al., 2011) . Neural crest specifier genes then elicit the subsequent EMT and migration of the neural crest.
Cell-cell adhesion, as mediated by members of the cadherin superfamily, also plays important roles in neural crest development. The zinc-finger transcription factors Snail2 and Twist are potent inducers of EMT in epithelial cells and regulate expression of several cadherins in the neural crest (Batle et al., 2000; Bolos et al., 2003; Taneyhill et al., 2007; Tien et al., 2015) . Disrupting cadherin expression in the neural crest, either by gain of function or loss of function, alters neural 
